Abstract. Grassed swale is an open vegetated channel designed specifically in attenuating stormwater runoff to decrease the velocity, to reduce the peak flows, and minimize the causes of flood. Therefore, the fundamental of this study is to evaluate the flow discharge of swale in Universiti Tun Hussein Onn Malaysia (UTHM), which has flat land surface area. There are two sites of study were involved to assess the performance of swale as stormwater quantity control, named as swale 1 and swale 2. Data collection was conducted on 100 meters of length for each swale. The velocity of swale was measured thrice by using a current meter according to the six-tenths depth method, after a rainfall event. The discharge of drainage area in UTHM was determined by the Rational Method (Q peak ), and the discharge of swales (Q swale ) was evaluated by the Mean-Section Method. Manning's roughness coefficient and the infiltration rate were also determined in order to describe the characteristics of swale, which contributing factors for the effectiveness of swale. The results shown that Q swale is greater than Q peak at swale 1 and swale 2, which according to the Second Edition of MSMA, the swales are efficient as stormwater quantity control in preventing flash flood at the campus area of UTHM.
Introduction
A rapid urbanization over the past few decades creates the need for construction of extensive storm drainage facilities [1] . Swales are one of the sustainable means to decrease the velocity, reduce the peak flows, and minimize the causes of flood, which applicable in many urban settings such as parking lots, roadways, commercial and light industrial facilities, and residential developments [2] . A grassed swale is a potential solution to transport stormwater from impervious surfaces by slowing down the flow and infiltrates into soils, and gives a significant improvement as a stormwater quantity and quality control over the traditional drainage ditch [3] .
There are several factors that contributed to the ineffectiveness of urban drainage systems, such as topography, soil type, and substandard drainage design. In the case of Batu Pahat, Johor, some of the contributing factors include the lowland area where the land surface is flat and only 1 to 2 meters above sea level. Besides, the top soil is dominated by soft clay and peat soils, which caused the low infiltration rate [4] . In the end of 2006, Batu Pahat has been hit by severe flood, which was called as "banjir termenung". Universiti Tun Hussein Onn Malaysia (UTHM) was also affected by this flood where the old campus has been partially sunk in water. Even though UTHM has provided a detention pond, however, it is inefficiently functioned to reduce the peak flow rate as the elevation gabs is small between inflow and outflow, which caused back water from the main drain or river flows back into the drainage area [5] .
Thus, the fundamental of this study is to find out whether grassed swale is one of the sustainable means to overcome flash flood. The performance of swale was assessed in terms of water quantity control by evaluating the flow discharge of swale. There are two sites of swales were involved in the campus area of UTHM, named as swale 1 and swale 2, which shown in Fig. 1 . This study was carried out mainly referred to the Second Edition of Urban Stormwater Management Manual for Malaysia (MSMA). 
Preliminary works
The sub-catchment or drainage areas of swales were measured via Google Earth application according to each site of swale, which then retrieved through Earth Point application to determine the drainage areas. The drainage area is based on the slope of overland flow, wherever a possibility of surface runoff would flow into the swale during a rainfall event. According to Fig. 1 , the highlighted polygons are showing the drainage areas for swale 1 and swale 2. The area of swale 1 is 0.76 hectares, meanwhile the area of swale 2 is 0.62 hectares. The landuses were identified within a sub-catchment, where both sites have mixed landuses of grass cover and roadways. Therefore, Equation 1 is used to produce an average runoff coefficient (C avg ) for each site of swale, where C is the runoff coefficient of segment and A is the area of segment in hectares (ha).
The lengths of swale for both swale 1 and swale 2 are 100 meters, and divided into three sections (Section A, Section B, and Section C). The distance from Section A to Section B and Section B to Section C is 50 meters respectively. Four meters of a tagging line were stringed transversely across each section of the swale. Three points of verticals or subsections were established on the tagging line, labeled as left, center, and right, to define the location for wading rod during the current metering work. These points were divided at the center point of tagging line and distributed the left and right points corresponding to the bottom width of swale where the most shallow flow depth of swale would occur after a rainfall event. This tagging line was also facilitated for the levelling work to define the surface profile of swale.
Flow discharge measurement
Discharge or flow rate is expressed as Q. The flow discharge conveyed in the grassed swale is determined under fully developed conditions. Swales should be designed to convey the peak flow of the 10-year storm without overtopping. The swales were studied by determining the discharge of drainage areas (Q peak ) in UTHM evaluated by the Rational Method and the discharge of swales (Q swale ) evaluated by the Mean-Section Method. Q swale must be greater than Q peak , which means the swales in UTHM are able to accommodate the precipitation amount received by each swale.
Mean-Section Method
Mean-Section Method is used for calculating the discharge rate in the cross-sectional area of flow. To cope with the vertical distribution of velocity, measurements should be made at different depths in the water profile. This study has applied the depth of observation set at 0.6 of the total depth to measure the mean velocity, as the depth of water within the swale is less than 75 cm [6] . The equipment used to measure the velocity of swale in this study is a 1-D electromagnetic current meter (AEM1-D). The flow velocity of swale was measured three times at each vertical by waded the rod into the stream for several seconds to obtain the value as appeared on the display unit. During the measurement, the rod needs to be held in a vertical position, and the sensor of current meter must be opposition to the flow direction (facing the upper stream).
Rational Method
Malaysia and many other countries have frequently used the Rational Method as a technique for estimating the runoff peak [7] . This has agreed by Goyen et al. [8] to apply Rational Method for designing urban drainage networks in small catchments. The hydrology of grass swales can be characterized and compared using the Rational formula and the corresponding runoff coefficient [9] . The Rational Method is expressed as in Equation 2 , where Q is the flow discharge, C is the runoff coefficient, i is the average rainfall intensity, and A is the drainage area. General procedures for estimating peak flow using the Rational Method, first must select design ARI [10] . Average Recurrence Interval (ARI) is the average length of time between rain events that exceeds the same magnitude, volume, or duration [11] . In this study, swales are categorized as a minor system which has 10-year ARI. The average rainfall intensity (i) for this study is determined by the empirical equation to minimize error in estimating the rainfall intensity values from the IDF curves [7] , expressed in Equation 3,
where the fitting constants of λ, κ, θ, and η were adopted from the rainfall station of Sembrong Dam (Site 1931003) as according to the Second Edition of MSMA in Table 2 .B1. Meanwhile, T is the ARI and d is the storm duration.
Contributing factors
Besides evaluating the flow discharge of each swale, the roughness coefficient and infiltration rate of swale were also determined in order to describe the characteristics of swale, which contributing factors in the effectiveness of swale. Roughness coefficients represent the resistance to flood flows in channels and flood plains [12] . Equation 4 is used to determine the Manning's roughness coefficient (n), where Q is the flow discharge, A is the cross-sectional area, R is the hydraulic radius, and S is the longitudinal slope. These hydraulic parameters can be obtained based on the plotted surface profile of each swale. The infiltration capacity of the soil indicates the maximum infiltration rate at a certain moment. The infiltration rate of each swale was determined as the campus of UTHM was claimed have high groundwater table and low infiltration rate. As noted by David [13] , the swales are expected to have a decreasing capacity for infiltration storage, with the maximum infiltration rate decays asymptotically towards the saturated hydraulic conductivity of the soil. The occurrences of surface flow, storage, and eventual discharge within the swale were resulted once the rain exceeds the maximum infiltration rate. The infiltration test was carried out by using the double ring infiltrometer, which consists of two concentric stainless steel inner and outer rings. As according to ASTM D3385-03 standard test method, the rings were driven into the soil and partially filled with water. The drop of water level in the inner ring is measured over time to obtain the infiltration rate. This rate becomes constant when the saturated infiltration rate for the soil being measured has been reached Table 1 . From previous study by Ali et al. [14] have compared the surface roughness of swale between a gravel bed and smooth bed, where the gravel bed has a slightly higher coefficient than the smooth bed. It shows that the rough the surface, the higher the coefficient will occur. However, the results on Table 1 have shown otherwise, where the values of Q were increased as the n values increased. In this case, previous study by Stagge [9] has claimed that at high-flow depths, water is not slowed by grass in the swale but allowing sedimentation and too high to undergo filtration. The results from Table 1 were also found similar to the previous study by Rhee et al. [15] , where when the flow depth is greater than the grass height, the submergence will occur and the roughness started to increase as the velocity increased. These findings have explained why the flow discharges in this study did not decrease as the swale bed gets rougher.
As stated by Temple et al. [16] , in case of large flows, thickness of the boundary zone by vegetative growth tends to be a minimum, thus the passing flow becomes negligible and the roughness coefficient tends to converge to a constant. This has seconded by Wu et al. [17] , as the submergence starts to occur in the swale, the roughness coefficient tends to remain constant or rise. He also added that heights, types, and conditions of the vegetation are the factors that contribute to the changes in flow characteristics of the swale and its roughness coefficient. This can be concluded that the variations of roughness coefficients occurred at each section of swales as shown in Table 1 are due to the characteristics of grass growth. There is a possibility that there are differences in heights, types, and conditions of the grass in each section of swale even in a same swale. However, this study did not perform an evaluation on the characteristics of grass.
The calculation of flow discharge on swales (Q swale ) and flow discharge on drainage areas (Q peak ) are shown in Table 2 and Table 3 respectively. The channel areas in Table 2 were determined by applying the maximum flow depth of each swale. In evaluating the Q swale , the n values were according to Table 2 .3 as in the Second Edition of MSMA, so that the n values can be coincided with the estimation of time of concentration (t c ). In this case, the Q swale was evaluated by using the Equation 4 , in terms of Q. The Q peak in Table 3 was evaluated by using the Equation 2. Based on Table 2 and Table  3 , the comparisons between Q swale and Q peak can be made. The results shown that Q swale is greater than Q peak at swale 1 and swale 2, which according to the Second Edition of MSMA, the swales are efficient as stormwater quantity control in preventing flash flood. The capability of swales at the campus area of UTHM in collecting and conveying the stormwater runoff are in the range of 48.7% -59.7%. In terms of reducing the flow discharge, previous studies have found significant results of the effectiveness of swale. Stagge [9] has compared to the direct runoff and found that the swales reduced the peak flow by an average 50% -53%. Based on flow attenuation for swale surface, Ainan et al. [18] have found the percentage reduction of peak flow in the range of 28.9% -55.9%. In field studies by Wu et al. [19] and supported by swale hydrologic models [20, 21] have noted a percentage reduction of peak flows in the range of 10% -20%. This percentage reduction of peak flow has proven the swale is capable in controlling the stormwater quantity. Hydrologic soil group (HSG) is expressed in terms of four groups (A, B, C, and D) based on soil's infiltration rate defined by Soil Conservation Service [22] . According to Table 4 , swale 1 has the infiltration rate of 21.14 mm/hr, which categorized the soil in Group A. Group A soils have low runoff potential and high infiltration rates even when thoroughly wetted and consist chiefly of deep, well to excessively drained sands or gravels. Meanwhile, swale 2 has the infiltration rates of 4.67 mm/hr, which categorized the soil in Group B. Group B soils have moderate infiltration rates when thoroughly wetted and consist chiefly of moderately deep to deep, moderately well to well drained soils with moderately fine to moderately coarse textures. From the results, it shows that swale 2 has low rate of water transmission compared to swale 1.
Conclusions
This study has carried out flow discharge measurements of grassed swales in UTHM campus, which took place at swale 1 within the area of 0.76 ha and swale 2 within the area of 0.62 ha. Based on the analyses, swale 1 and swale 2 are an effective grassed swale in conveying stormwater runoff (Q swale > Q peak ). The swales are efficient in preventing flash flood with the average rainfall intensity (i) of 146.45 mm/hr -162.85 mm/hr. The results showed the flow discharges (Q) are increased by the increase of roughness coefficients (n). This can be concluded that the n values started to be constant or rise once the submergence occurs in the swale, where the flow depth is greater than the grass height. The heights, types, and conditions of the grass covers are the factors that contribute to the changes in flow characteristics of the swale and its roughness coefficient. In this study, both swales have 0.001 of longitudinal slope (S o ), however, differ in side slope (z) where swale 1 is 1.7 and swale 2 is 2.3. The n values at swale 2 have resulted slightly less than the n values at swale 1. This has shown that the channel irregularity of swales also may have contributed to the variations of n. This study can be extended to determine other contributing factors to the variations of flow discharges such as the types of vegetation or the rainfall intensity.
